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IMAGE SIGNAL PROCESSING APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an image signal pro 

cessing apparatus which binary encodes an analog 
image signal, for example, obtained by scanning an 
image, and produces a digital image siganl. 

2. Description of the Prior Art 
It is already known how to photoeleetrically read an 

image. perform electrical processing of an obtained 
image signal, and transmit or store the obtained image 
signal. 

Electrical processing of an image of a micro?lm has 
also been proposed. According to this electrical pro 
cessing, a micro?lm is irradiated with light from a light 
source. Light which is transmitted through the micro 
?lm is focused on a light-receiving surface of an image 
sensor (e.g., a CCD image sensor or the like, to be re 
ferred to as a CCD hereinafter to perform photoelectric 
conversion. Thus, an image of the micro?lm is obtained 
as an analog signal. The obtained analog signal is con 
verted into a binary image signal. 
When the analor signal obtained from the CCD is 

binary encoded, a method is generally adopted wherein 
the obtained analog signal is compared with a reference 
?xed potential. This reference ?xed potential is called a 
slice level. However, with such a method, a correct 
digital image signal is dif?cult to obtain. for the follow 
ing reasons. In other words, in some images, the range 
of gray level changes falls above or below the ?xed 
potential, so that these changes cannot be detected with 
reference to such a reference ?xed potential. When a 
CCD is used, the amount of light received by the CCD 
is generally obtained as a product of the amount of light 
output by light source used and the irradiation time. 
Therefore, if the light source ON time is kept constant, 
the amount of light received and the light output of the 
light source are proportional to each other. A portion of 
a negative ?lm corresponding to a large character has a 
high transmittance and receives a large amount of light. 
However, a portion of such a negative ?lm correspond 
ing to a small character has a low transmittance, and 
therefore receives a small amount of light. For this 
reason, when an image including both a large character 
and a small character is read by a CCD and an analog 
image signal is obtained, the analog image signal has a 
wide dynamic range. Therefore, when the analog image 
signal obtained from the CCD and a ?xed slice level are 
compared to obtain a digital signal, a tip of a large char 
acter is rounded, and a small character may vanish 
altogether. When such a signal is used for image repro‘ 
duction, the quality of the reproduced image is low. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
image processing apparatus which is free of the draw 
backs of the conventional apparatuses and which can 
correctly digitize an image so that the quality of a repro 
duced character, for example, is improved. 

It is another object of the present invention to pro 
vide an image processing apparatus which can deter 
mine a threshold level or a slice level for digitization 
which is suitable for changes in a speci?c analog signal. 

It is still another object of the present invention to 
provide an image processing apparatus which is suitable 
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2 
for digitization of an image including various different 
image portions. 

It is still another object of the present invention to 
provide an image processing apparatus which is suitable 
for readout of a micro?lm. 
The above and other objects, features and advantages 

of the present invention will become more apparent 
from the following description taken in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows the con?guration ofa micro?lm reader 
to which the present invention is applied; 
FIG. 2 is a timing chart for explaining the principle of 

the present invention; and 
FIG. 3 is a block diagram of an embodiment of the 

present state. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT: 

The preferred embodiment of the present invention 
will now be described in detail with reference to the 
accompanying drawings. 
FIG. 1 shows the con?guration of a micro?lm reader 

to which the present invention may be applied. A strip 
like micro?lm 13 stored in a micro?lm cartridge 11 is 
fed by a drive system (not shown) and is taken up by a 
subcartridge 12. Thus, a desired frame of the micro?lm 
13 is set at a read position. The micro?lm 13 fed from 
the cartridge 11 is irradiated with light from a light 
source 14. Light which is transmitted through the mi 
cro?lm 13 exposes a photosensitive surface of a CCD 16 
through a lens 15. The CCD 16 produces an electrical 
signal in accordance with the intensity of incident light. 
The CCD 16 is moved in the direction indicated by the 
arrow and photoeleetrically reads image information of 
one frame of the micro?lm 13. 
FIG. 2 is a timing chart for explaining the mode of 

operation of the present invention. FIG. 3 is a block 
diagram of an embodiment'of a digitizing circuit ac 
cording to the principle described with reference to 
FIG. 2. A description will ?rst be made with reference 
to FIG. 2. FIG. 2(1) shows the waveform of an analog 
image signal obtained by photoelectric conversion by 
the CCD 16. The slope of the waveform (1) is obtained, 
and has a waveform as shown in (2). A positive peak 
(maximum value) of the waveform (2) is detected as 
shown in a waveform (5). The analog image signal at 
the position corresponding to this peak value is stored. 
The stored signal has a level substantially intermediate 
along the range of changes in the analog image signal 
and is updated upon detection of each positive peak 
value of the waveform (2). The resultant signal is a 
signal in the waveform (3). A signal in the 
waveform (3) is an analog signal having the waveform 
(1). When the absolute value of the signal of the wave 
form (2) is subtracted from the analog image signal of 
the waveform (1), a signal indicated by the solid 
line in the waveform (4) is ob 'ined. A signal indi 
cated by the dotted line in the waveform (4) is an‘ analog 
signal of the waveform (1 . The signal of the wave 
form (4) and the signal 89 of the waveform (3) are 
compared, and the condition B _>-_ is de?ned as 
“1” and the condition @ < is de?ned as “0". 
Then, a signal (6) is obtained, which is an objective 
digital image signal. The signal (6) is obtained such that 
a digitization error at a point of change from a signal of 
small amplitude to a signal of large amplitude is cor 
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rected. A signal which is obtained by comparing a sig 
nal C of a ?xed slice level with an original analog 
image signal (1) (dotted waveform shown in the wave 
form (4)) as in the conventional case is illutrated in (7). 
As may be apparent from the signals (6) and (7), accord 
ing to the present invention, analog signals of small and 
large amplitudes can both be correctly digitized. In 
addition, the amplitude ofa digital signal at the portion 
of large amplitude is narrow as compared to that ob 
tained with a ?xed slice level. Therefore, thickening of 
a character having a high transmittance (a large charac 
ter on a negative ?lm) can be prevented. 

Referring to FIG. 3. a block diagram according to an 
embodiment of the present invention will be described. 
An N-bit digital signal IN is obtained by A/D conver 
sion with a known A/D converter of an analog image 
signal obtained from the CCD 16. The digital signal IN 
is stored in a latch circuit 1. A subtraction circuit 2 
calculates the difference between the signal stored in 
the latch circuit 1 and the next input signal. The latch 
circuit 1 and the subtraction circuit 2 constitute a circuit 
for calculating the slope of the image signal. 
An output from the subtraction circuit 2 is supplied to 

a peak detector circuit 6 so as to detect a position on the 
time base ofa peak value of the output from the subtrac 
tion circuit 2. A memory circuit 5 stores the input image 
signal at the detected time position in response to a 
pulse signal corresponding to the peak value of the 
slope of the image signal obtained from the peak detec 
tor circuit 6. This memory circuit is a circuit for storing 
or holding a slice level as a comparison reference value 
for the image signal, i.e., slice level memory circuit 5 
shown in FIG. 3. 
An X times absolute value circuit 3 multiplies by X 

the slope of the image signal from the subtraction cir 
cuit 2 and calculates its absolute value. A subtraction 
circuit 4 subtracts an output from the X times absolute 
value circuit 3 from an-output from the latch circuit 1. 
The X times absolute value circuit 3 is incorporated so 
as to obtain a suitable digital output signal and has the 
function of preventing thickening of a reproduced char 
acter and to control the image quality. 
A comparator 7 compares an output signal from the 

subtraction circuit 4 with an output signal read out from 
the slice level memory circuit 5. The comparator 7 
produces a digital image signal. 
A slice level, or threshold level, change circuit 9 

detects an effective slice level region 1 excluding an 
interval in from a minimum value of the input image 
signal (1) to the next maximum value of the slope signal 
(2). The circuit 9 then corrects to a ?xed reference value 
(i.e., forcibly changes to a ?xed slice level G in the 
waveform (4) in FIG. 2) a slice level A in the interval 
m from the minimum value of the input image signal (1) 
to the maximum value of the slope signal (2). The incor 
poration of the circuit 9 can provide the following ef 
fect. At a portion at which a change from a signal of 
small amplitude to a signal of large amplitude occurs, a 
peak value of the slope appears at a delayed time. For 
this reason, erroneous detection of the signal of large 
amplitude as a digital signal output (hatched portion in 
the waveform (6)) in accordance with the slice level of 
the signal of small ampltiude can be prevented. As a 
result, the output signal from the slice level memory 
circuit 5 which is obtained in consideration of a change 
signal from the slice level change circuit 9 becomes a 
signal D of the waveform (4). 
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4 
A delay circuit 10 serves to delay the input image 

signal and stores the delayed signal in the slice level 
memory circuit 5 in synchronism with the output from 
the subtraction circuit 4. A clock generator 8 generates 
clock signals for controlling the operation timing of the 
overall circuit. 
The above embodiment is described with reference to 

a micro?lm. However, the present invention is similarly 
applicable to reproduction of normal ?lms, in a facsim 
ile system or a copying machine, and the like. 
According to the present invention, a maximum value 

of a slope of an analog image signal is detected, and an 
image signal corresponding to the detected maximum 
value is used as a reference signal for digitization. 
Therefore, the digitization reference signal can be set at 
substantially the intermediate level of the image signal 
at all times. Therefore, the reference signal will not be 
deviated from the range of changes in the image signal 
unlike the case wherein the input analog image signal is 
digitized with reference to a ?xed reference signal. 

Since a changing image signal always has a peak 
value ofa slope, this can be detected, allowing determi 
nation of a digitization reference signal which always 
corresponds to changes in the input image signal. 
When the polarity of the analog signal is the opposite 

of that in the case described above, a minimum value of 
the slope is detected, and an image signal corresponding 
to the detected minimum value can be used as a refer 
ence signal. 
According to the present invention, with a simple 

circuit con?guration, a reference signal for digitizing an 
analog image signal can be made always to correspond 
to changes in the analog image signal. 
The problem of thickening of a digital signal corre 

sponding to a line of a character upon digitization of an 
analog image signal is prevented. When the resultant 
digital image signal is used for image reproduction, an 
excellent image can be reproduced. 
When an image signal changes from a signal of small 

amplitude to a signal of large amplitude, the'image 
signal can be digitized with reference to a reference 
signal which is determined for the signal of small ampli 
tude in conventional cases. The apparatus of the present 
invention is free from this problem and allows excellent 
digitization. 
Although the present invention is described with 

reference to a particular preferred embodiment thereof, 
the present invention is not limited thereto. Various 
changes and modi?cations may be made within the 
spirit and scope of the present invention. 
What is claimed is: 
1. An image signal processing apparatus comprising: 
means for inputting an analog image signal; 
means for detecting a peak of the slope of the input 

analog image signal; 
means for holding the input analog image signal cor 

responding to the detected peak of the slope of the 
input analog image signal; and 

means for binary encoding the input analog image 
signal using as a threshold signal the analog image 
signal held by said holding means. 

2. An apparatus according to claim 1, wherein said 
binary encoding means includes means for comparing 
the threshold signal with the analog image signal. 

3. An apparatus according to claim 1, wherein said 
detecting means detects a positive or negative peak of 
the slope of the input analog image signal. 
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4. An apparatus according to claim 1, wherein said 
inputting means includes read means for reading an 
image by photoelectric conversion and generating an 
analog image signal. I 

5. An apparatus according to claim 1, wherein said 
detecting means includes means for obtaining the slope 
of the input analog image signal. 

6. An image signal processing apparatus comprising: 
means for inputting an analog image signal; 
?rst generating means for generating a variable 

threshold signal for binary encoding in accordance 
with the input analog image signal; 

second generating means for generating a ?xed 
threshold signal for binary encoding of the input 
analog image signal into a predetermined binary 
signal; 

means for selecting one of the variable threshold 
signal and the ?xed threshold signal in accordance 
with the input analog image signal; and 

means for binary encoding the input analog image 
signal in accordance with the selected threshold 
signal. ' 

7. An apparatus according to claim 6, wherein said 
selecting means selects the ?xed threshold signal in a 
region within which the analog image signal changes 
from a small amplitude to a large amplitude. 

8. An apparatus according to claim 6, wherein said 
inputting means includes read means for reading an 
image by photoelectric conversion, and generating an 
analog image signal. 

9. An apparatus according to claim 6, wherein said 
?rst generating means generates the variable threshold 
signal in accordance with a slope of the input analog 
signal. 

10. An image processing apparatus comprising: 
means for inputting an analog image signal; 
means for detecting a rate of change in the input 

analog image signal; _ 
means for modifying the slope of the input analog 

image signal in accordance with the detected rate 
of change; and 

means for binary encoding of the modi?ed analog 
image signal. 

11. An apparatus according to claim 10, wherein said 
modifying means modi?es the slope of the input analog 
image signal in accordance with an absolute value of the 
rate of change. 

12. An apparatus according to claim 10, wherein said 
binary encoding means comprises means for comparing 
the analog image signal with a threshold signal for bi 
nary encoding. 
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6 
13. An apparatus according to claim 12, wherein said 

binary encoding means is operable to generate the 
threshold signal on the basis of the analog image signal. 

14. An apparatus according to claim 10, wherein said 
inputting means includes read means for reading an 
image by photoelectric conversion and generating an 
analog image signal. 

15. An apparatus according to claim 10, whereing 
said modifying means is operable to perform subtraction 
for the analog image signal using a value based on the 
detected rate of change. 

16. An image signal processing apparatus comprising: 
means for inputting an image signal; 
means for detecting a peak of the slope of the input 

image signal; 
means for holding an image signal corresponding to 

the detected peak of the slope of the input image 
signal; and 

means for comparing the input image signal with the 
image signal held by said holding means. 

17. An apparatus according to claim 16, wherein said 
detecting means detects a positive or negative peak of 
the slope of the input image signal. 

18. An apparatus according to claim 16, wherein said 
inputting means includes read means for reading an 
image by photoelectric conversion and generating an 
image signal. 

19. An apparatus according to claim 16, wherein said 
detecting means includes means for obtaining the slope 
of the input image signal. 

20. An image signal processing apparatus comprising: 
means for inputting an image signal; 

?rst generating means for generating a variable 
threshold signal for binary encoding in accordance 
with the input image signal; 

second generating means for generating a ?xed 
threshold signal for binary encoding of the input 
image signal into a predetermined binary signal; 

means for selecting one of the variable threshold 
signals and the ?xed threshold signal in accordance 
with the input image signal; and 

means for comparing the input image signal with the 
selected threshold signal; 

21. An apparatus according to claim 20, wherein said 
selecting means selects the ?xed threshold signal in a 
region within which the input image signal changes 
from a small amplitude to a large amplitude. 

22. An apparatus according to claim 20, wherein said 
inputting means includes read means for reading an 
image by photoelectric conversion, and generating an 
image signal. 
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